Bromeliads are plants that have a high variability in the fertilization possibilities. This is due to the capacity of absorption of water and nutrients by their foliar trichomes and root system. This research was conducted with the objective to evaluate the development of Aechmea fasciata plants according to the substrate base saturation and the application methods of the nutritive solution. The experiment was conducted in a greenhouse with light intensity between 8,000 and 9,000 Lx. The experimental design was a randomized block design with a factorial statistical arrangement 2x5 factorial (2 percentages of substrate base saturation x 5 combinations between the methods of fertirrigation) with 4 repetitions and 7 plants by portion. The substrate base saturation (V%) established was from 20% to 40% and the fertirrigation was provided by a leaf cistern and directly in the substrate, following these proportions: 100% leaf cistern, 75% leaf cistern and 25% substrate, 50% leaf cistern and 50% substrate, 25% leaf cistern and 75% substrate and 100% substrate. The plants were conducted in vase number 11, 15 and 17, and in each change of vases, it was evaluated the plant height, the rosette diameter, the stalk diameter, the number of leaves and the leaf width. The dry phytomass and leaf area were determined in the vase changes 15 and 17. Moreover, the root exploration and the inclination degree of the plants were determined in the end of the cultivation in vase 17. As conclusion, substrate base saturation greater than 20% damages the growth of Aechmea fasciata plants. The best development of the aerial and root part of Aechmea fasciata plants were achieved when 75% of the nutritive solution is applied via cistern and 25% via substrate. Keywords: bromeliads, leaf fertilization, substrate.
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INTRODUCTION
Bromeliads plants grow almost exclusively in tropical and subtropical regions, mainly in the Brazilian Atlantic Forest, where there exist around 1.2 thousand species (NEGRELLE et al., 2012) . According to the same authors, their characteristics, such as the easy adaptation and maintenance, besides their beautiful shapes and colors, made possible their diffusion as an ornamental plant in whole world. Moreover, the bromeliads of the genre Aechmea, Guzmania, Neoregelia, Tillandsia and Vriesea are the most commercialized (JUNQUEIRA and PEETZ, 2008) . Aechmea fasciata, popularly known as caraguatá or gravatá, is native to Brazil, being endemic to warm environment sand displaying an epiphytic growth habit (GIAMPAOLI et al., 2017) .
The bromeliads leaves have structures denominated foliar trichomes, which are adapted to absorption of water and nutrients. Due to this specialty, the bromeliads have an exceptional absorption capacity of nutrients by their leaves (SANTOS et al., 2012) . Fact that brings the need of a special care when applying fertilizers because they are extremely sensitive to the excess of nutrients (DEMATTÊ, 2006) . According to Vitoria and Leite (2008) , in commercial cultivation, the nutrient supplied by fertilizing is variable, occurring via leaf and substrate.
Since it is a recent culture, it lacks technical information that can promote an increase of productivity and quality (VITORIA and LEITE, 2008) . This lack of information and the long time to achieve a commercial size and to form the seeds, which can be between eight to ten years, are the main reasons for the predatory extractivism that is still seen in Brazil (NEGRELLE et al., 2012; SANTOS et al., 2015) . The cultivation of ornamental bromeliads has been considered an important strategy for preservation of these plants since it makes possible the supply of higher quality plants in the commerce, reducing the demand from plants from the natural environment (TAMAKI et al., 2011) . The formal producers of bromeliads are located mainly in the states of São Paulo, Rio de Janeiro and Santa Catarina, including the hybrid production of different species of Guzmania, Aechmea, Neoregelia, Vriesea and Ananas comosus micropropagated in the Netherlands, Belgium and USA (NEGRELLE et al., 2012) .
There is a lack of information on the production of bromeliads for commercial purposes which would promote an increase in productivity and the maintenance of plant health (GIAMPAOLI et al., 2017) , especially in relation to pH correction. One of the most used methods for the correction of soil acidity is that of substrate base saturation, and this saturation needs to be defined considering the requirements of each species (VIEIRA e WEBER, 2017) .
In Brazil, there are not a great number of research studies on the methodologies and parameters of to the nutritional aspect of bromeliad. Currently, by analyzing all the productive process, it is noticeable that the major difficulty found by the producers is related to the nutritional factor. This is because bromeliads are plants that absorb a great part of their nutrients by their foliar trichomes and they do not depend on their roots, which leads to an unsatisfactory root development. This leads to the plants not fixing well in the vase and, consequently, they will topple and the product will depreciate. Therefore, it is clear the necessity to realize studies for a better nutritional balance in both aerial and root parts, promoting a better root development and a better product quality.
The hypothesis of this research is that the increase of substrate base saturation and different forms of fertirrigation may promote improvements in the growth of Aechmea fasciata. Thus, this work was conducted with the objective to evaluate the development of Aechmea fasciata plants according to the substrate base saturation and the application methods of the nutritive solution.
MATERIAL AND METHODS
The experiment was conducted in a greenhouse in the Department of Natural Resources/Soil Science in the São Paulo State University "Júlio de Mesquita Filho" (UNESP -FCA) Campus Botucatu/SP. The cultivation environment had thermo-reflective mesh with 70% of shading in order to filter the solar radiation and keep it in the scale of 8,000 to 9,000 Lx, which is considerate ideal for the culture by Benzing e Renfrow (1974) .
The experimental design was a randomized block design with a factorial statistical arrangement 2x5 factorial (2 percentages of substrate base saturation x 5 combinations between the methods of fertirrigation) with 4 repetitions and 7 plants per plot. The substrate base saturation (V%) established was from 20% to 40% and the fertirrigation was provided by a leaf cistern and directly in the substrate, following these proportions: 100% leaf cistern, 75% leaf cistern and 25% substrate, 50% leaf cistern and 50% substrate, 25% leaf cistern and 75% substrate and 100% substrate. The combinations between the methods of fertirrigation were determined from the maximum volume that the plant could retain in its leaf cistern in each cultivation phase in the diverse recipients.
The substrate pine bark was analyzed according to Brasil (2006) of capacity of cation exchange and 5% of substrate base saturation; 0,54 mmol c dm -3 of K; 18 mmol c dm -3 of Ca and 7 mmol c dm -3 of Mg. The transplant was realized when the seedlings were 300 days old. They were transplanted to vase 11 (11 cm in diameter and 7 cm in height) when 80% of the plants presented height of 7 cm and rosette diameter of 4 cm. Moreover, they were transplanted to vase 15 (15 cm in diameter and 12 cm in height) when 80% of the plants presented height of 15 cm and rosette diameter of 12 cm. They were transplanted to vase 17 (17 cm in diameter and x 16 cm in height) when 80% of plants presented height of 20 cm and rosette diameter of 18 cm. The density was 70, 42 and 9 plants by m² for vase 11, vase 15 and vase 17, respectively. The vases had free drainage. The plants evaluation, rosette diameter, stalk diameter, number of leaves and leaves width were determined in the ending moment of the development cycle in vases 11, 15 and 17. The leaf area and the total dry phytomass were determined in the end of the development cycle in vases 15 and 17. Moreover, the root exploration and the inclination degree of the plants were determined in the end of the development cycle in vase 17, when the floral induction happened.
The plant height was determined by using a graduated ruler vertically placed in the substrate level, measuring until the last leaf fold. The rosette diameter was also determined by using a graduated ruler, which was used to measure between two opposite leaves in the point where they fold. In addition, the stalk diameter was determined in the closest position to the substrate, using a digital caliper. The number of leaves was determined by a simple counting, disregarding the leaves in senescence and the leaves that were not above the leaf cistern level. Moreover, the leaves width was determined by using a graduated ruler in a distance from the insertion of the leaf in the stalk of 2 cm for the plants in vase 11 and 15, and 5 cm for the plants in vase 17. The leaf area was measured by using an electronic leaf area meter of the brand Li-Cor, model L1-3100, in cm². Furthermore, the dry phytomass was obtained after the forced drying using air circulation, heated to 65°C, until the material reach constant mass, and it was determined in a semi-analytical scale. The root exploration was determined by assigning grades in percentage (%) for each plant according to the rooted area, in vase 17. Finally, the plant angle of inclination in relation to vase was determined by using a protractor and a graduated ruler, in vase 17.
The effect of interaction between factors was submitted to analysis of variance (ANOVA). The effects of substrate base saturation and of application methods were submitted to analysis to the Tukey's Test at the level of 1 and 5% of significance. The statistical software utilized was the SISVAR (FERREIRA, 2011).
RESULTS AND DISCUSSION
The average plant height did not differ significantly in function of the substrate base saturation and the methods of fertirrigation when in vases 11 and 15 (Table 1 ). In the vase 17, the plants presented higher height when the fertirrigation was 100% via cistern (24.2 cm) and the lowest when it was 100% via substrate (22.5 cm). Vitoria and Leite (2008) , by studying the potassium sources in three frequencies of leaf application, registered an average height of 22.5 cm for Aechmea fasciata. Moreover, Santos et al. (2015) obtained values between 20 and 26 cm. Therefore, the plant height is independent from the application methods and the substrate base saturation, which indicates that it is little affected by the environment factor, responding accordingly to the genetic characteristics of the specie. The low values of the CV (%) indicate low variability of the plants height, meeting to one of the requirements for the quality classification of bromeliad by Ibraflor (2000) , which is 90% of standardization of the plants height in the batch.
The genre Aechmea is classified as tank-dependent (accumulate water), according to Paula (2000) , because they present well developed tanks and leaf scales with high absorption efficiency, making the roots merely fasteners. Even though they have this higher capacity of nutrients absorption by the trichomes present in the leaves, it was not observed absorption restriction by the root system because the growth was similar, independently of the method of nutritive solution application. Carneiro et al. (2009) verified that the Aechmea plants conducted only with fertilization via substrate presented greater height, rosette diameter and number of leaves. Therefore, when the plants are extensively cultivated, the roots take over the function of water and nutrients absorption, besides its natural function of support. In a research done by Amaral et al. (2009) , they verified that the fertilization done via substrate was beneficial for the growth of epiphytic bromeliads.
The average of the rosette diameter did not significantly differ in function of the method of fertirrigation (except in vase 15) and the substrate base saturation, where the highest value was observed with 20% of substrate base saturation (Table 1) . These results find support in the literature because many authors indicate that the bromeliad is better developed in substrates with pH values between 3.5 and 6.5 (MEIJIAS and RUANO, 1990; BAENSCH, 1994; KÄMPF, 2000) . Since the pH value of the substrate was initially in 7.0, the addition of more corrective elevated the pH to inadequate levels for the culture.
The methods of nutritive solution application and the substrate base saturation did not influence significantly the stalk diameter ( Table 2 ). The stalk diameter is important to support the aerial part of the plant, and the higher the plant height is, the greater the stalk diameter should be. Since the plants had similar height in the different treatments, the stalk diameter was consistent. F: method of fertirrigation. 1: 100% leaf cistern; 2: 75% leaf cistern e 25% substrate; 3: 50% leaf cistern e 50% substrate; 4: 25% leaf cistern e 75% substrate e 5: 100% substrate. V: substrate base saturation. V1: 20%; V2: 40%. Averages followed by the same letter, lowercase in the column and upper case in the line, do not differ by the Tukey's Test by 5%. *, ** e NS = significant at 1% probability, significant at 5% probability and not significant at the Test.
The number of leaves was not influenced by the method of nutritive solution application, being only changed in function of the percentage of substrate base saturation for the vase 17, and presenting its highest value in the saturation of 20% (Table 2 ). Over time, there was no increase in the number of leaves; however, it was observed that when a new leaf appeared, the oldest leaf entered in senescence. Vitoria and Leite (2008) obtained, in average, plants with 14 leaves; number which is greater than the one obtained in this present work. According to Kämpf (1994) , the ideal number of leaves for an appropriate plant development is between 10 and 20; therefore, the number of leaves observed in this work is in the optimal range.
There was effect of the interaction between the substrate base saturation and the method of application to the leaf width, in vase 15 (Table 2) . When 100% of the nutritive solution was applied via leaf cistern, the biggest leaf width happens when the plants were conducted with substrate base saturation of 20%. Fact that contributes to a greater photosynthetic area and leaf cistern volume. The leaf area in bromeliad plants was significantly influenced by the interaction effect between the method of application and the substrate base saturation, for vases 15 and 17 (Table 3) . In vase 15, when the plants were conducted in substrate base saturation of 20%, the greatest foliar area was observed in treatment 2, 3 and 5, and the smallest leaf area was observed in treatment 4. On the other hand, in substrate base saturation of 40%, the greatest leaf area was obtained with 100% of the application via leaf cistern, and the smallest was with 75% via leaf cistern and 25% via substrate. Considering the substrate base saturation, the leaf area was greater when it was 20%, in the solution application in the proportions of 75% via leaf cistern and 25% via substrate, 50% via leaf cistern and 50% via substrate and 100% via substrate. in the line, do not differ by the Tukey's Test by 5%. *, ** e NS = significant at 1% probability, significant at 5% probability and not significant at the Test.
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When the plants were in vase 17, the ones conducted in substrate base saturation of 20% presented the greatest leaf area when 75% of the solution application was via leaf cistern and 25% via substrate, differing significantly from when 100% of the application was via leaf cistern. For the substrate base saturation of 40%, the greatest leaf areas were obtained when 75% of the solution was applied via leaf cistern and 50% via leaf cistern, differing significantly when 100% of the solution was applied via cistern and 100% via substrate. The plants conducted in substrate base saturation of 20% presented greater leaf area when 100% of the solution was applied via substrate, compared to the base saturation of 40%.
The total dry phytomass presented effect of the interaction between the substrate base saturation and the method of nutritive solution application for vases 15 and 17 (Table 4) . In vase 15, greater values of phytomass were obtained when plants received 75% of the solution via leaf cistern, in substrate base saturation of 20% and 75% via substrate, in substrate base saturation of 40%. Smaller phytomass was registered in substrate base saturation of 40% compared to 75% when they received 100%, 75% and 25% of the solution via leaf cistern. In the end of the cultivation in vase 17, greater values of phytomass were obtained when the plants received 75% of the solution via leaf cistern in both substrate base saturation. Low dry phytomass was registered for the plants that received 75% and 25% of the solution via leaf cistern and 25% leaf cistern e 75% substrate, in substrate base saturation of 40%. in the line, do not differ by the Tukey's Test by 5%. *, ** e NS = significant at 1% probability, significant at 5% probability and not significant at the Test.
The root exploration was superior in the plants that received 100% of the solution via leaf cistern, compared to those that received 100% of the fertirrigation via substrate (Table 4) . With the increase of the humidity in the substrate, there was a reduction of the root exploration in the container, reducing 19% of the explored area when 100% of the solution was applied via substrate. This is an indicative that the bromeliad A. fasciata does not tolerate humidity close to the field capacity, fact which was also described by Paula (2000) . Another possibility is that the quantity of the nutritive solution provided via leaf cistern has slowly drained to the substrate, maintaining it with a minimum level of water for the root development. In function of the substrate presented only 3.7% of its space with available water, when the solution was applied via substrate, there could have happened percolation of the solution, making the substrate drier for a long period.
The inclination degree of the bromeliad plants was superior in the plants that received 100% of the solution via leaf cistern, with 6° (Table 4) . Even though it was observed greater root exploration when plants received 100% of the fertirrigation via leaf cistern, compared to those that received 100% of the fertirrigation via substrate, the inclination degree was superior to the other treatments. This greater root exploration should have been predominant of thin roots responsible for water and nutrients absorption, with less capacity to plant support. However, this higher inclination degree did not lead to plant tipping. According to the quality standards of Ibraflor (2000) , the bromeliad plant must have a good formation, represented by its support in the vase.
CONCLUSIONS
The best growth of the Aechmea fasciata was achieved with 20% of substrate base saturation and 75% of the nutrient solution via the cistern and 25% of the substrate.
